JC03R6c'dPGT/PTO 2 I MAR 2001 



U S DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 



TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



U S. APPLICATION NO (If 



0 $22,87 62 9 



INTERNATIONAL APPLICATION NO. 
PCT/FI99/00778 



INTERNATIONAL FILING DATE 

22 September 1999 



PRIORITY DATE CLAIMED 

23 September 19 
26 November 19: 



TITLE OF INVENTION 



METHOD AND APPARATUS FOR THE THICKENING OF FIBER SUSPENSIONS 



APPLICANT(S) FOR DO/EO/US 



LAINE et al 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 

1 . El This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. □ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. 03 This is an express request to begin national examination procedures (35 U.S.C. 371(f). The submission must include 

items (5), (6), (9) and (21) indicated below. 

4. 0 The U.S. has been elected by the expiration of 1 9 months from the priority date (Article 31). 

5. A copy of the International Application as filed (35 U.S.C. 371 (c)(2)). 

a. * □ is attached hereto (required only if not communicated by the International Bureau). 

, b ^ has been communicated by the International Bureau. 

c □ is not required, as the application was filed in the United States Receiving Office (RO/US). 

6 □ An English language translation of the International Application as filed (35 U.S.C. 371 (c)(2)). 
• ' a. D is attached hereto. 

b □ has been previously submitted under 35 U.S.C. 154(d)(4). 

7 □ Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 
a D are attached hereto (required only if not communicated by the International Bureau). 

b □ have been communicated by the International Bureau. 

c □ have not been made; however, the time limit for making such amendments has NOT expired, 

d □ have not been made and will not be made. 

8 □ An English language translation of the amendments to the claims under PCT Article 1 9 (35 U.S.C. 371 (c)(3)). 

9 „ IE! An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 



A English language translation of the annexes of the International Preliminary Examination Report under PCT 
Article 36 (35 U.S.C. 371(c)(5)). 



11. 


El 


12. 


El 


13. 


EI 


14. 


□ 


15. 


□ 


16. 


□ 


17. 


□ 


18. 


□ 


19. 


□ 


20. 


□ 



Items 11 To 20 below concern document(s) or information included: 

An Information Disclosure Statement under 37 C.F.R. 1.97 and 1.98. 

An assignment document for recording. A separate cover sheet in compliance with 37 C.F.R. 3.28 and 3.31 is included. 
A FIRST preliminary amendment. 
A SECOND or SUBSEQUENT preliminary amendment. 
A substitute specification. 

A change of power of attorney and/or address letter. 

A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.2 and 35 U.S.C. 1 .821-1 .825. 
A second copy of the published international application under 35 U.S.C. 154(d)(4). 
A second copy of the English language translation of the international application under 35 U.S.C. 154(d)(4). 



- 1 - 



JC02 Rec'd PCT/PTO 2 1 MAR 200i 



INTERNATIONAL APPLICATION NO. 
PCT/FI99/00778 



ATTORNEY'S DOCKET NUMBER 

30-543 



21 . E<3 The following fees are submitted: 



CALCULATIONS pto use only 



BASIC NATIONAL FEE (37 C.F.R. 1.492(a)(1)-(5): 

-- Neither international preliminary examination fee (37 C.F.R. 1 .482) 

nor international search fee (37 C.F.R. 1 .445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1000.00 

-- International preliminary examination fee (37 C.F.R. 1 .482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $860.00 

-- International preliminary examination fee (37 C.F.R. 1 .482) not paid to USPTO 

but international search fee (37 C.F.R. 1.445(a)(2)) paid to USPTO $710.00 

-- International preliminary examination fee (37 C.F.R. 1 .482) paid to USPTO 

but all claims did not satisfy provisions of PCT Article 33(1 )-(4) $690.00 

-- International preliminary examination fee (37 C.F.R. 1 .482) paid to USPTO 

and all claims satisfied provisions of PCT Article 33(1)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



Surcharge of $130.00 for furnishing the oath or declaration later than □ 20 
months from the earliest claimed priority date (37 C.F.R. 1 .492(e)). 



□ 30 



NUMBER FILED 



NUMBER EXTRA 



Independent Claims 



MULTIPLE DEPENDENT CLAIMS(S) (if applicable) 



TOTAL OF ABOVE CALCULATIONS = 



Applicant claims small entity status. See 37 CFR 1 .27. The fees indicated above 
are reduced by 1/2. 



RPcessing fee of $130.00, for furnishing the English Translation later than □ 20 □ 30 
months from the earliest claimed priority date (37 C.F.R. 1 .492(f)). 



TOTAL NATIONAL FEE = 



r4ii|e for recording the enclosed assignment (37 C.F.R. 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 C.F.R. 3.28, 3.31 ). $40.00 per property 



F%e for Petition to Revive Unintentionally Abandoned Application ($1240.00 - Small Entity = $620.00) 



TOTAL FEES ENCLOSED = 



Amount to be: 
refunded 



Charged 



a^, £3 A check in the amount of $1 1 30.00 to cover the above fees is enclosed. 

bj**? □ Please charge my Deposit Account No. 14-1140 in the amount of $ to cover the above fees. 

F* A duplicate copy of this form is enclosed. 

c. ^ The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 

overpayment to Deposit Account No. 14-1140 . A duplicate copy of this form is enclosed. 

d. The entire content of the foreign application(s), referred to in this application is/are hereby incorporated by reference in this 
application. 

NOTE: Where an appropriate time limit under 37 C.F.R. 1.494 or 1.495 has not been met, a petition to revive (37 C.F.R. 1.137(a) 
or (b)) must be filed and granted to restore the application to pending status. 



SEND ALL CORRESPONDENCE TO: 

NIXON & VANDERHYE P.C. 
1 100 North Glebe Road, 8 th Floor 
Arlington, Virginia 22201-4714 
Telephone: (703) 816-4000 



yan H. Davidson 

NAME 

30,251 



March 21,2001 



REGISTRATION NUMBER Date 



09/7876P9 

;'d PCT/PTO 2 1 MAR 



JC02Rec'dPCT/PTO 2 1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

LAINEetal Atty. Ref.: 30-543 

Serial No. Unknown Group: 

National Phase of: PCT/FI99/00778 
International Filing Date: 22 September 1999 

Filed: March 21, 2001 Examiner: 

For: METHOD AND APPARATUS FOR THE THICKENING OF 
FIBER SUSPENSIONS 



March 21,2001 



Assistant Commissioner for Patents 
Washington, DC 20231 



Sir: 

PRELIMINARY AMENDMENT 

Prior to calculation of the filing fee and in order to place the above identified 
application in better condition for examination, please amend the claims as follows: 
IN THE CLAIMS (AS ORIGINALLY FILED) 

Please substitute the following amended claims for corresponding claims 
previously presented. A copy of the amended claims showing current revisions is 
attached. 

2. (Amended) A method according to claim 1 , characterized in that pulp is taken 
into said pre-thickener from a screen, the screening consistency of which is about 2-4 

%. 

3. (Amended) A method according to claim 1 , characterized in that the pulp 
thickened by the prethickener is taken into a filter, the feeding consistency of which is 3 
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Serial No. Unknown 

4. (Amended) A method according to claim 2, characterized in that between the 
screen and the filter the consistency of the pulp is raised by said pre-thickener by 1 - 4 
%. 

14. (Amended) A method according to claim 9, characterized in that said 
regulation is controlled by maintaining a constant pressure difference over the filter 
surface. 

20. (Amended) An apparatus for treating pulp, which apparatus comprises an 
essentially elongated outer casing, the first end of which is closed with an end plate; at 
the first end of which casing there is arranged an inlet conduit for the fiber suspension to 
be treated P in ; the other end of which casing is closed with an end plate; at said other 
end of which casing there is arranged a discharge conduit for the thickened fiber 
suspension P ou t being discharged from the apparatus; which casing is provided with a 
discharge conduit for the filtrate F out ; inside which casing essentially at least between 
the inlet conduit and the discharge conduit there is arranged a filter surface having a 
preferably round cross section and arranged inside it a cleaning member comprising a 
rotating shaft, on which shaft at least one screw thread is fixed for keeping the filter 
surface clean, characterized in that the discharge conduits for the thickened pulp and 
the filtrate are provided with valves for controlling the operation of the pre-thickener. 

21 . (Amended) An apparatus according to claim 20, characterized in that said 
valves are controlled according to the input power of the shaft, on the basis of an 
impulse from a previous process stage or pressure difference prevailing over the filter 
surface. 
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22. (Amended) An apparatus according to claim 20, characterized in that the 
screw thread is fixed on the shaft by means of tie rods which leave a free space 
between the shaft and the screw thread. 

23. (Amended) An apparatus according to claim 22, characterized in that the 
clearance of the screw thread from the filter surface is less than 5 mm. 

24. (Amended) An apparatus according to claim 22, characterized in that the 
clearance of the screw thread from the filter surface is less than 3 mm and suitably 0.2 
2 mm. 

25. (Amended) An apparatus according to claim 22, characterized in that the 
screening surface is provided with essentially axial grooves or corresponding guides 
which prevent the fiber mat from rotating inside the filter surface. 



LAINE et al 

Serial No. Unknown 



REMARKS 



Attached hereto is a marked-up version of the changes made to the claims by the 
current amendment. The attached page is captioned " Version with markings to show 
changes made ." 

The above amendments are made to place the claims in a more traditional 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

2. (Amended) A method according to claim 1 , characterized in that pulp is taken 
into said pre-thickener [(10)] from a screen [(2)], the screening consistency of which is 
about 2-4 %. 

3. (Amended) A method according to claim 1 , characterized in that the pulp 
thickened by the prethickener [(10)] is taken into a filter [(4)], the feeding consistency of 
which is 3 - 6 %. 

4. (Amended) A method according to claim 2 [and 3], characterized in that 
between the screen [(2)] and the filter [(4)] the consistency of the pulp is raised by said 
pre-thickener [(10)] by 1 - 4 %. 

14. (Amended) A method according to claim 9, [1 1 , 12 or 13,] characterized in 
that said regulation is controlled by maintaining a constant pressure difference over the 
filter surface. 

20. (Amended) An apparatus for treating pulp, which apparatus [(10)] comprises 
an essentially elongated outer casing [(12)], the first end of which is closed with an end 
plate [(14)]; at the first end of which casing there is arranged an inlet conduit [(18)] for 
the fiber suspension to be treated P in ; the other end of which casing is closed with an 
end plate [(16)]; at said other end of which casing there is arranged a discharge conduit 
[(20)] for the thickened fiber suspension P 0Lrt being discharged from the apparatus; 
which casing [(12)] is provided with a discharge conduit [(26)] for the filtrate F out ; inside 
which casing [(12)] essentially at least between the inlet conduit [(18)] and the discharge 
conduit [(20)] there is arranged a filter surface [(22)] having a preferably round cross 
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section and arranged inside it a cleaning member comprising a rotating shaft [(30)], on 
which shaft at least one screw thread [(32)] is fixed for keeping the filter surface [(22)] 
clean, characterized in that the discharge conduits [(20; 26)] for the thickened pulp and 
the filtrate are provided with valves [(40; 46)] for controlling the operation of the pre- 
thickener. 

21 . (Amended) An apparatus according to claim 20, characterized in that said 
valves are controlled according to the input power of the shaft [(30)], on the basis of an 
impulse from a previous process stage or pressure difference prevailing over the filter 
surface. 

22. (Amended) An apparatus according to claim 20, characterized in that the 
screw thread [(32)] is fixed on the shaft [(30)] by means of tie rods which leave a free 
space between the shaft and the screw thread. 

23. (Amended) An apparatus according to claim 22, characterized in that the 
clearance of the screw thread [(32)] from the filter surface [(22)] is less than 5 mm. 

24. (Amended) An apparatus according to claim 22, characterized in that the 
clearance of the screw thread [(32)] from the filter surface [(22)] is less than 3 mm and 
suitably 0.2 - 2 mm. 

25. (Amended) An apparatus according to claim 22, characterized in that the 
screening surface [(22)] is provided with essentially axial grooves or corresponding 
guides which prevent the fiber mat from rotating inside the filter surface [(22)]. 
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L METHOD AND APPARATUS FOR THE THICKENING OF FIBER \ 
SUSPENSIONS. \ 

The present invention relates to a method and apparatus for treating pulp. Preferably 
the method and apparatus according to the invention are applicable for thickening 
fiber suspensions of the wood processing industry. The method and apparatus 
according to the invention are especially preferably suited for applications where 
liquid is to be removed from fiber suspensions with a relatively low energy 
consumption, whereby the most obvious applications are pre-thickeners or the like 
used in connection with various known filters. However, the thickener_according to 
the invention may in some applications be utilized as the actual filter, by means of 
which consistencies in the range of up to 1 5 % may be obtained. 

Traditionally, fiber suspensions have been screened at a consistency of about 1 - 2 % 
in connection with chemical and other pulping. Fiber suspensions, i.e. pulp, are 
easily screened at this consistency, the result being a good purity level of the pulp. 
After screening the pulp has been thickened normally with suction drum or disc 
filters to a consistency of about 8 - 16 %. This technology is as such quite 
serviceable, but low screening consistency increases the costs of pumping and the 
suction drum and disc filters require a large building volume. 

With new technology, screening departments have been introduced in which a 
screening department feed pump creates a pressure difference, by means of which the 
pulp is conveyed through the screens and further by means of super-atmospher: : 
pressure in the screens into a closed hydraulic filter. Said technology is described ir. 
patent application EP-A-0390403. The advantage of the process described in said 
publication is that expensive, space-consuming suction drum and disc filters are no: 
needed. A disadvantage of the described process is that the screening consistency has 
had to be raised to a range of 3 - 5 %, which in its turn has caused problems in 
running and sometimes also pulp impurity problems. The operation of closed 
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hydraulic filters has required a feed consistency of at least 3 - 5 %, which has 
restricted the possibilities of choosing the screening consistency freely. 

An objective of the present invention is to enable the building and running of 
5 screening departments so that the consistency in the screening department is arranged 
to be optimal in view of screening, whereby the consistency of the actual screening is 
lower than the feeding consistency of the filter whereto the pulp is finally fed. This 
invention enables the screening to be carried out at a low consistency and still use 
new efficient closed hydraulic filters. The typical screening consistencies are 2 - 4 % 

10 and the typical feeding consistencies of the filter are 3 - 6 %. Thus, the difference in 
consistency between screening and filter feed is typically 1 - 3 %, mostly 1-2 %. 
Further, it is to be noted that sometimes e.g. the discharge consistency of a process 
tower and/or apparatus etc. adjacent to it limit the consistency to be too low in view 
of the subsequent process stage, whereby it is necessary to raise the consistency of 

15 the pulp to be appropriate for the subsequent process stage. 

The consistency difference between screening and filtering is created using a pre- 
thickener as shown in Fig. 1 prior to the actual filter. The pre-thickener is preferably 
pressurized and hydraulically filled with liquid. In that case, the whole screening 
20 department, comprising screens, a pre-thickener and the actual filter, operates in a 
closed space, whereby the amount of odor compounds released into air remains 
small. The screening consistency is 2 - 4 %, the consistency after the pre-thickener 3 
- 6 % and the consistency after the main filter 8-40 %, preferably 10 - 16 % when 
the filter is a washer-type filter and 25 - 40 % when the filter is a press-type filter. 

25 

Hydraulic thickeners suitable for increasing the consistency of pulp have been 
presented earlier. Patent application EP-A-0 298 499 discloses one thickener 
solution, by means of which the consistency of fiber suspension may be raised from 
the feeding consistency of 0.3 - 1.0 % to a range of 1.0 - 5.0 % or from the feeding 
30 consistency of 3 - 10 % to a range of 10 - 25 %. Thus, it is quite an efficient 
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thickener capable of producing major changes in consistency. This apparatus is, 
however, too expensive and its operating costs, mainly the energy consumption, 
make it in practice unpractical e.g. for the present purpose. 

5 Literature discloses simple thickeners consisting of only a perforated tube in which 
the pulp flows. Such thickeners have been described e.g. in patent publications EP-B- 
0274690 and SE-C-227590. However, practice has shown that devices as simple as 
these are not suited for industrial use. Their problem is that although they do operate 
temporarily, their filter surfaces tend to get clogged periodically and their re-opening 

10 or keeping them clean tends to be unsuccessful if they do not have a rotor of some 
kind. Thus, in connection with the present invention, it has been decided to use an 
apparatus of another kind, in spite of the fact that, at its lowest, the demand for 
consistency increase is in the order of one percentage unit, even though in some 
special circumstances the apparatus may be used to raise the consistency as much as 

15 near to 10 %. Usually in that case, however, the situation is that the initial 
consistency of the pulp is already at a relatively high level, at about between 7-10 
per cent. To put it more exactly, the apparatus is at its best when the aim is to raise 
the consistency of the pulp in the apparatus about two-fold. However, it is naturally 
possible to reach other kinds of changes in the consistency by adjusting the operation 

20 of the apparatus. In the present case, the tendency of the filtering surface to get 
clogged is increased by pressure pulses occurring both in the screening department 
and its devices, which tend to force fibers into the slots of the filter surface, which in 
its turn results in the clogging of the filter surface, if a filter surface cleaning means 
is not used. 

25 

Prior art knows also an apparatus according to US-patent publication 4,085,050, 
functioning as a continuously operating filter, which apparatus comprises a vertically 
arranged cylindrical filter surface, a filtrate chamber arranged outside the filter 
surface, a centrally open screw thread arranged inside the filter surface and a feed 
30 conduit for the material to be filtered and a discharge conduit for the thickened 
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material arranged at the upper and lower ends of the filter surface respectively. The 
apparatus functions so that a so-called precoat acting as the actual filtering material 
forms or alternatively is formed on the filter surface. As the material to be filtered is 
precipitated on this precoat, the screw thread wipes the precipitated layer off letting 
5 new material to be precipitated on the precoat layer. Said precoat layer is cleaned by 
feeding washing liquid through the shaft of the apparatus, which pressurized washing 
liquid cleans the precoat layer. 

US patent publication 4,464,253 describes an apparatus wherein the dry solids 
10 content is raised high and the consistent part is discharged via a cone. This kind of 
procedure is not possible with fiber suspension, because fiber suspension, being 
consistent, will not flow in a convergent cone. Said patent teaches that the pressure 
difference required in the filtering process is created by means of the feed pump of 
the apparatus alone or by means of said feed pump and a vacuum arranged in the 
15 filtrate compartments together. The apparatus of this patent is meant to be used so 
that the material to be filtered is fed into the upper end and the thickened material is 
discharged from the lower end of the apparatus. The apparatus comprises cylindrical 
and conical parts and is most obviously meant for high contents of residual dry 
matter. 

20 

Further, US patent 5,034,128 deals with a similar kind of apparatus for raising the 
consistency to a range of 5 - 30 % from a low initial feeding consistency. In this case 
it is an apparatus, which is specially meant for removing liquid from fiber 
suspensions of the pulp industry, but the goal is a high increase in consistency and a 
25 high final consistency. A characteristic feature of the apparatus is that the screw is 
closed, i.e. the screw thread is fastened directly to a cylindrical or conical shaft core. 
The apparatus is further characterized in that the screw thread is arranged so close to 
the filter surface that it keeps the filter surface clean. In other words, the apparatus 
functions without a precoat layer. It is our conception, however, that the apparatus 
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can not function in the way described in the publication, but when pursuing high 
consistencies, the screw of the apparatus has to be used like a press. 

US patent publication 4,582,568 deals with yet another apparatus used in order to 
5 thicken fiber suspension by means of a screw press. However, a characteristic feature 
of this apparatus, unlike a few above-mentioned devices, is that the pressure 
difference required for the thickening is generated by the screw of the apparatus 
itself. Said patent publication deals with a combination of a thickener and a screw 
press, the thickener being meant for raising the consistency of the fiber suspension to 

10 correspond to the feeding consistency of the screw press. The function of the 
thickener is carried out by an apparatus provided with a closed screw surrounded in a 
small clearance with a filter surface. The fiber suspension is fed into the inlet end of 
the screw, wherefrom the screw further pushes the suspension against a hydrostatic 
pressure created by an upward directed discharge conduit arranged at the discharge 

15 end of the screw. A problem of the screw thickener described in said patent is that 
the screw is closed, whereby, as the apparatus stops, the flow of fiber suspension 
through the apparatus will also stop completely. Another problem is that the 
operational efficiency of the filter surface is relatively low, because the filter surface 
functions actively only in the vicinity of the inlet end. This is due to the characteristic 

20 feature of the closed screw that it feeds the pulp inside it as an essentially plug-like 
flow, whereby only the pulp layer facing the filter surface is efficiently thickened, the 
rest of the pulp passing nearer to the shaft of the screw without being essentially 
thickened. Liquid is filtrated to the filter surface only through a thickened pulp cake 
formed on the filter surface and the thickening rate is slow. This results in a highly 

25 limited capacity of the device, and raising the capacity is not easy, either, because the 
problem of the closed screw can only be eliminated by increasing the dimensions of 
the device. 

The prior art apparatuses described above have some disadvantages of which at least 
30 the following are worth mentioning: 



WO 00/17443 



PCT/FI99/00778 



- in case of an essentially atmospheric "downstream flowing" apparatus provided 
with an open screw thread (US 4,085,050), the adjustment of the apparatus for 
cellulose i.e. pulp is difficult. Moving the pulp downwards so that it could be 
essentially thickened at a consistency of less than 8 % is not possible due to the 

5 characteristics of the stock. 

- in our opinion, a device provided with a closed screw does not function with dilute 
pulp, i.e. at a consistency of 1 - 5 %, because at the moment when the pulp is fed in 
under pressure, a flow revolving spirally along the screw thread is immediately 
generated which flushes off the cake collected onto the filter surface, thus hampering 

10 the thickening. If the inlet pressure is very low, the thickening carried out by the 
apparatus starts well, but when there is a layer of thickened pulp on the filter surface, 
the thickening is essentially decelerated due to reasons described above in connection 
with the US patent 4,582,568. In addition to that, a device provided with a closed 
screw causes the whole process to stop e.g. in case of actuator breakdown or the like, 

15 because even with pulp of low consistency, the thickening of the pulp in the device 
takes place relatively quickly so that it forms a strong unmovable plug extending 
throughout the whole diameter of the device. 

The apparatus for treating pulp according to the present invention eliminates e.g. said 
20 problems of prior art devices. Characteristic features of the apparatus according to 
the invention are, e.g., that 

according to one embodiment of the invention, pulp is fed from the screens 
into the apparatus through a closed line preferably utilizing the discharge pressure of 
the screens as the feeding pressure, 
25 - according to one preferred embodiment, the feeding consistency into the 
apparatus is 2 - 4 %, preferably 2 - 3 %, 

by means of an apparatus according to one preferred embodiment, the 
consistency is raised by 1 - 4 %, preferably by 1 - 2 %, 

the discharge consistency utilizing an apparatus according to one preferred 
30 embodiment is 3 - 6 %, preferably 4-6%, 
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more generally speaking, the feeding consistency of the apparatus may vary 
in between about 0.8 and 8 per cent, and the discharge consistency, in its turn, may 
be regulated to between about one and 1 5 per cent, 

the apparatus according to one preferred embodiment of the invention is 
5 coupled between the pressure screen and the filter, whereby it functions so that when 
the pressure of the pulp in the screen raises above atmospheric pressure, the pre- 
thickener is pressurized, too, and the pressure prevailing in the screen pushes the 
filtrate through the filter surface of the pre-thickener, 

the pressure prevailing in an apparatus according to one preferred 
1 0 embodiment of the invention is preferably high enough to feed the pulp into the filter 
located after the pre-thickener, 

when the apparatus according to one preferred embodiment of the invention 
is pressurized, the apparatus may be mounted in any position. Thus, e.g. when the 
apparatus is mounted vertically, the inlet end may be arranged either at the lower or 
1 5 the upper end of the apparatus. And, consequently, the discharge end may be located 
either at the upper or the lower end, 

it is characteristic of the apparatus according to the invention that fresh pulp 
is delivered onto the whole length of the filter surface. The filter surface is constantly 
wiped by one or several screw threads which collect/s to their/its leading side the 
20 pulp thickened onto the filter surface and leave to the back side, i.e. their trailing side 
a cleaned filter surface, onto which fresh pulp flows through the center of the open 
screw. 

Other characteristic features of the method and apparatus according to the invention 
25 are disclosed in the appended patent claims. 

In the following, the method and apparatus for treating pulp according to the 
invention are explained in more detail with reference to the appended figures, of 
which 
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Fig. 1 illustrates the apparatus according to the invention positioned in the process, 
and 

Fig. 2 illustrates in more detail the apparatus according to one preferred embodiment 
of the invention. 

5 

Figure 1 illustrates very schematically the positioning of the apparatus 10 according 
to the invention in a preferable application of the invention, i.e. after the screening 
department 2 prior to the actual filter 4. When using the apparatus 10 according to 
the invention, the screening may be carried out at a consistency optimal for the 

10 screening result, which is between 2-4 %, depending mainly on the pulp and type 
of screen used. Using the apparatus 10 according to the invention, the consistency of 
the pulp is raised by a few percentage units to the range of 3 - 6 %, and after that 
with the actual filter the consistency is raised, depending on the process 
requirements, either to the MC range of 10 - 16 % or by means of a press-type 

15 device to the HC range of 25 - 40 %. In other words, a preferred application of the 
invention is considered to be the screening department in which the apparatus 
according to the invention is located after the knotter and the screen prior to the 
washer or filter subsequent in the process. 

20 Figure 2 illustrates an apparatus 10 according to one preferred embodiment of the 
invention. Said apparatus, or, when located in the application of Fig. 1, a pre- 
thickener, 10, comprises an essentially elongated outer casing 12, the first end of 
which is closed with an end plate 14 and to the first end of which an inlet conduit 18 
for fiber suspension to be treated P in is arranged. Said inlet conduit may be coming 

25 either, as shown in the figure, from beside the apparatus or from the end of the 
apparatus, in the axial direction. The inlet conduit may also be radial, tangential or a 
combination thereof. The other end of outer casing 12 is closed with an end plate 16 
and to said other end there is arranged an outlet conduit 20 for thickened fiber 
suspension P out being discharged from the apparatus. Just like the inlet conduit, the 

30 outlet conduit 20 may also be extending radially or tangentially to beside the 
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apparatus or extending axially outwards from the end of the apparatus. The outer 
casing 12 is further provided with an outlet conduit 26 for the filtrate F out . Inside the 
outer casing 12, essentially at least between the inlet conduit 18 and the outlet 
conduit 20 there is a filter surface 22 arranged. The filter surface 22 preferably has a 
5 round cross-section. Bearings 28 are arranged at the end plates 14 and 16 of the 
apparatus 10 or in their vicinity, which bearings support a shaft 30. The shaft 30 is 
preferably driven by an electric motor, the rotational speed of which is either 
adjusted to be correct by means of a reduction gear or the rotational speed of which 
may be regulated by means of an inverter. At least one screw thread 32 is fixed on 

10 the shaft 30 so that the thread, according to a preferred embodiment, is positioned 
centrally inside the filter surface 22 and extends essentially throughout the whole 
length of the filter surface. In some cases, there may be several screw threads 
arranged inside each other. The screw thread 32 according to the invention is 
characterized in that it is positioned via tie rods at a distance from its shaft 30. There 

15 are valves 40 and 46 arranged in connection with both the outlet conduit 20 for the 
thickened pulp and the outlet conduit 26 for the filtrate in order to regulate the 
functioning of the apparatus. 

One reason for arranging the screw to be open is an essential increase in the security 
20 of operation of the apparatus. In case of breakdown, the fiber suspension flowing into 
the apparatus may flow through the hollow center from the inlet opening to the 
discharge essentially undisturbed. The only disadvantage for the process in that case 
is that the consistency of the fiber suspension does not decrease in the desired way 
anymore, but remains essentially the same as the consistency of the pulp being fed 
25 into the apparatus. Another reason for arranging the apparatus to be open is that by 
means of an open screw it is easier to control the formation mechanism of thickened 
fiber mat than by means of a closed screw. In a closed screw, in certain 
circumstances, the fiber suspension having a flow speed above the feeding speed of 
the screw revolves in a spiral trace along the screw thread of the apparatus, whereby 
30 said flow essentially disturbs the formation of the mat. In an open screw, fiber 
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suspension at a low consistency may flow through the open center of the apparatus 
without disturbing the mat formation. Another remarkable advantage of the open 
screw may be seen in connection with the actual thickening process. When starting to 
feed pulp into the apparatus according to the invention, the pulp fills the whole 
5 apparatus uniformly. The pulp closest to the filter surface is thickened onto the filter 
surface, wherefrom the rotating screw thread pushes the pulp further towards the 
discharge of the apparatus. Friction force between the filter surface and the pulp 
causes the pulp layer on the filter surface to compress in the axial direction of the 
apparatus, whereby open filter surface is left behind the screw at the whole length of 
10 the screw thread, onto which filter surface fresh fiber suspension is fed. As this 
thickens, the process described above recurs and new pulp is again delivered to the 
filter surface. 

Figure 2 illustrates further a so-called scrap trap 50 arranged at the feeding end of the 
15 apparatus. At its simplest it is a tangential conduit arranged at the end of the 
apparatus, through which conduit heavy particles collected into the apparatus may be 
discharged continuously or periodically. The conduit may e.g. be provided with 
means known per se in order to separate and remove scrap from the apparatus, if 
desired. 

20 

According to a preferred embodiment of the invention, the inner surface of the filter 
member used in the apparatus is grooved essentially in the axial direction of the 
apparatus in order to make the thickened fiber mat collected onto to the filter surface 
to slide along the grooves directly to the discharge of the apparatus. This ensures that 

25 the fiber mat can not cling to the screw and revolve together with it. Naturally, it is 
also possible to use other guiding means arranged essentially in the axial direction, 
such as e.g. ledges attached to the filter surface or the like. If the fiber mat would 
revolve with the screw, the latter would not push the thickened fiber layer to the 
discharge of the apparatus, but material going to the discharge would be practically 

30 non-thickened pulp only. 
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The apparatus 10 illustrated in Fig. 2 functions so that pulp P m is fed pressurized into 
the apparatus from conduit 18, the pressure being usually 1 - 5 bar, preferably 1 - 3 
bar. Thickened pulp P out is discharged from the apparatus 10 through conduit 20 
5 pressurized, the pressure being 0-4 bar, preferably 1 - 3 bar. In a typical 
application the feed consistency of the pulp is 2.5 %, i.e. 40 tons of water per one ton 
of pulp. In that case, the typical discharge consistency is 4 %, i.e. 25 tons of water 
per one ton of pulp. In other words, with a consistency increase of only 1.5 %, almost 
half of the liquid in the pulp has been removed and the actual filter, wherein the pulp 

10 is taken, may be dimensioned for a much smaller water amount. Thus, a surprisingly 
small increase in the consistency (measured in per cents of consistency) solves 
problems related to big water amounts in the actual filter. The consistency of pulp 
being discharged from the apparatus is readily adjusted by changing the position of 
either the valve 40 for the thickened material or the filtrate valve 46 or both. Just 

15 closing the valve for the thickened material increases the pressure inside the screen, 
whereby a bigger part of water in the suspension is removed into the filtrate. Opening 
the filtrate valve helps this process, resulting in a major increase in the consistency of 
the pulp. The removal of the filtrate may be further intensified by arranging in the 
filtrate compartment a vacuum, the natural result being an increase in the pressure 

20 difference prevailing over the filter surface. 

The apparatus according to the invention utilizes a filter surface 22, preferably 
perforated, the diameter of the holes being 0.1-3 mm, preferably 1.0 - 2.0 mm, 
greatly depending on the actual application object of the apparatus. The openings of 

25 the filter surface may also be slots, the width of which is a little smaller than the hole 
diameter of a perforated filter member used for a similar purpose. In addition to that, 
it has been noticed that in some applications it is preferable to use at the inlet end of 
the apparatus, i.e. in the vicinity of the end through which the pulp is fed into the 
apparatus, filter openings smaller than elsewhere in the apparatus, which prevent 

30 low-consistency fibers from getting into the filtrate. 
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A pressure difference less than 1.0 bar, preferably less than 0.5 bar, most preferably 
about 0.3 bar, is maintained over the filter surface. Bigger pressure differences result 
in higher risk of clogging of the filter surface, as high pressure tends to press the 
5 fibers into the openings of the filter surface. The desired pressure difference may be 
adjusted e.g. so that when the pressure inside the apparatus 10 is 1 — 5 bar, the outlet 
flow of the filtrate is throttled by the valve so that the desired pressure difference 
over the filter surface 22 is obtained. The pressure difference between the filtrate 
chamber 24 and the inner space of the apparatus is critical in view of the functioning 
10 of the apparatus, that is, for the filter surface 22 staying open. Said pressure 
difference may be considered as one control parameter for the operation of the 
apparatus. To put it differently, the attempt is to keep the pressure difference constant 
during the whole thickening process. 

15 The filter surface 22 is aided to keep open, as mentioned earlier, by means of a 
mechanical member 30, 32, preferably a screw, both ends of which are mounted on 
bearings 28 to the end plates 14 and 16 of the apparatus. However, in some 
applications a construction mounted on bearings at the drive end only may be used. 
The thread/s 32 of the screw is/are arranged at such a distance from the filter surface 

20 22 that the thread/s wipe/s away the thickened pulp from the filter surface and lead/s 
the thickened material to the discharge without letting the thickened pulp to rotate 
with the screw. An appropriate distance is under 5 mm, preferably under 3 mm and 
suitably 0.2 - 2 mm from the filter surface. In other words, the screw rotates so that it 
prevents the formation of a permanent pulp layer, a so-called precoat, on the filter 

25 surface 22. 

The width of the screw thread is also essential for the optimal operation of the 
apparatus, which width is to be determined individually for every application, 
because it is naturally effected by both the production and thickening demands set for 
30 the apparatus. 
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The number of screw threads 32 (except for one thread, there may be two or more 
threads inside each other) and their pitch as well the rotational speed of the screw are 
selected so that the desired optimal mat formation, i.e. thickening is obtained for 
5 each type of pulp. Practice has shown that when using the apparatus used in our tests, 
the residence time of the fiber suspension in the apparatus should be less than five 
seconds, because after that no significant thickening occurred with the apparatus 
used in our tests. It is possible, though, that by significantly modifying the apparatus 
we used, it is possible to utilize even longer residence times. In that case, the 

10 constructional characteristics and/or the rotational speed of the screw are selected so 
that the feeding speed created by the screw (to put it more exactly, the lift speed, if 
the apparatus is vertical) is less than 3 m/s, preferably between 0.2 - 1.0 m/s and 
most preferably about 0.5 m/s. Nevertheless, this is not the actual pulp feed, because 
the screw does not feed the pulp totally through the apparatus, but only pushes the 

15 part of pulp thickened onto the filter surface to the discharge opening of the 
apparatus. Factors limiting said feeding speed are, e.g., the filtrating speed of the 
liquid off the fiber suspension and the generation of turbulence between the fiber mat 
and the filter surface. 

20 In an apparatus according to a preferred embodiment of the invention, the rotational 
speed of the screw and the pitch were selected so that with the desired thickening 
range and output, the flow speeds of both the pulp cake fed by the screw to the 
discharge end and the non-thickened part of the pulp flown thereto through the center 
of the apparatus were at the discharge end essentially the same. In other words, in 

25 said apparatus and said case, the flow speed of the fiber suspension fed into the 
apparatus was at the inlet end higher than the feeding speed of the screw. Said 
difference in speed was further compensated as the liquid was filtered from the fiber 
suspension through the filter surface. 
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The filtrate being removed from the apparatus may preferably be used for dilution in 
some other process stage. Especially preferably the filtrate is suited for dilution in the 
same process stage, i.e. the screening stage. In other words, the filtrate may be led for 
dilution either to the knotter, or the discharge tank for bottom dilution. 
5 Characteristically, the apparatus according to the invention is not used in attempt of 
minimizing the fiber content of the filtrate, but the main goal is to maximize the 
efficiency and service reliability of thickening. Accordingly, the fiber content of the 
filtrate according to our tests is over 1 00 mg/1, mostly even in the order of 1000 mg/1. 
Nevertheless, this has no practical significance when the filtrate is returned to a 
10 preceding process stage. The fibers may be removed from the filtrate, is so desired, 
with a separate fiber separator. 

It was already mentioned that regulating the thickness of the pulp received from the 
apparatus is simple. Due to great feeding consistency demands of washers, that is, 
1 5 because the consistency of the pulp in the washer feed must stay practically constant, 
also the discharge consistency of the pre-thickener according to the present invention 
must be kept almost constant, exactly at a level corresponding to the consistency 
demands of the washer subsequent in the process. 

20 That is why the pre-thickener according to the invention is controlled e.g. by 
measuring various flows, so that the discharge consistency remains within 
predetermined limits. One way to do this is that when taking each pre-thickener into 
operation, the flow amount of incoming pulp is measured as well as the amount of 
filtrate leaving the pre-thickener and the desired discharge consistency is obtained by 

25 changing the amount of filtrate. Having thus adjusted the discharge consistency to be 
correct, the pre-thickener is further controlled so that the ratio of the incoming flow 
and the filtrate flow remains constant, whereby the discharge consistency is also 
constant. Assuming that the consistency of pulp coming from the screening 
department does not change. 



30 
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In case it is suspected that the consistency might vary, it is possible to provide the 
system with a device for measuring the consistency of incoming pulp, by means of 
which device e.g. the filtrate valve is further controlled. As an example of a 
controlling method taking into account the consistency of incoming pulp, a ratio 
5 adjustment may be mentioned, according to which the consistency of the pulp may 
be effected by changing the ratio of the thickened material and the filtrate. In one 
application this kind of system gets additional information e.g. from the consistency 
regulation of the knotters. The consistency control of the knotters may for example 
inform that it was not capable of adjusting the consistency of the pulp, and the pulp 
10 leaving the knotters towards the pre-thickener is too dilute. In that case, by means of 
ratio adjustment, it is possible to change the ratio of the thickened material and the 
filtrate and remove more filtrate, whereby the consistency of the pulp leaving the 
pre-thickener remains unchanged. 

15 Another possible controlling method is e.g. an adjustment based on the power 
consumption of the drive motor. This controlling method is based on the fact that 
according to the tests we carried out, an increase in the consistency of the pulp 
results in an increase in the power requirement of the drive motor of the apparatus. 
Thus, e.g. in case of increased power requirement, it is possible to decrease the 

20 filtrate input by e.g. throttling the filtrate valve, which results in the initial 
consistency. And accordingly, in case of decreased power requirement, the filtrate 
discharge may be intensified by opening the filtrate valve. 

As one embodiment based on measuring the power input or torque of the drive 
25 motor, controlling the thickening on the base of rotational speed regulation may be 
considered. On the other hand, it is previously known, as stated above, that increased 
discharge consistency of the apparatus results in an increased power input. The 
consistency may, of course, be determined directly from the pulp discharging from 
the apparatus. Again, on the other hand, our tests have also shown that a change in 
30 the rotational speed of the screw is directly proportional to the change in the 
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consistency, because the faster the thread moves (the higher the rotational speed), the 
thinner the fiber mat on the filter surface is and the better it filtrates liquids, whereby 
more liquid is released into the filtrate in a unit of time. On the basis of the aforesaid 
it is possible to aim at decreasing the rotational speed of the thread as the discharge 
5 consistency of the pulp increases, which results in a decreased power requirement of 
the apparatus and, at the same time, a thicker fiber mat is formed on the filter surface 
decelerating the filtration of liquid from the fiber suspension. Accordingly, in case of 
decreased discharge consistency of the pulp it would be possible to increase the 
rotational speed of the screw. It is, naturally, obvious that in practice the rotational 
1 0 speed of the thread has some threshold limits, above or under which it is no more 
possible to obtain thickening results applicable for industrial purposes. 

A further controlling method is pressure difference adjustment based on the fact that 
with a constant pressure difference the consistency remains constant. By 

15 standardizing the feed-in flow of the apparatus and the pressure difference prevailing 
over the filter surface, the amount of filtrate discharging from the apparatus is 
directly proportional to the feed-in consistency. In other words, as the feed-in 
consistency decreases due to more liquid filtrating from dilute pulp than from pulp 
of higher consistency, more liquid is filtrated from the pulp, whereby a change in the 

20 feeding consistency does not effect the discharge consistency, at least not to such a 
great extent. Accordingly, as the feeding consistency increases, a constant pressure 
difference allows for a smaller filtrate flow, which also compensates for fluctuations 
in the feeding consistency. 

25 All said controlling methods as well as other corresponding methods may be utilized 
either separately or as a combination of several methods. Utilizing state-of-art 
adjustment and controlling technique with multi variable adjustment and neural 
networks it is possible to reach a reliable and exact thickening control with 
adjustment methods mentioned above. According to our tests, the accuracy of the 
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thickener is in the order of +/- 3% of the numerical thickness value. In other words, 
with the thickness of 10 per cent, the error margin is +/- 0.3 %. 

As noticed from the above, a solution has been developed which is essentially 
5 simpler and/or at least operationally more secure than prior art pre-thickener 

solutions, the service reliability and dependability of the solution being of quite a 
different order compared to prior art apparatus. 
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Patent claims 

1. A method of treating pulp i.e. fiber suspensions of the paper and wood 
5 processing industry, by which method 

low consistency pulp is taken into a pre-thickener, 

liquid is removed from the pulp in said pre-thickener essentially by means of 
the effect of the feeding pressure of the pre-thickener, 

a layer of thickened pulp is allowed to be formed on the filter surface, 
10 - said layer of thickened pulp is wiped off the filter surface of said pre- 
thickener with a cleaning member, and 

the thickened pulp and the filtrate are discharged from said apparatus, 
characterized in that 

the layer of thickened pulp is pushed by said cleaning member along said 
1 5 filter surface to the discharge end of the apparatus in essentially axial direction, 

at the same time the essentially non-thickened pulp is allowed to flow 
through the apparatus from the feeding end to the discharge end via the space 
between said cleaning member and the shaft of the apparatus, and 

part of said essentially non-thickened pulp flow is guided to the filter surface 
20 portion being wiped by the cleaning member. 

2. A method according to claim 1, characterized in that pulp is taken into said 
pre-thickener (10) from a screen (2), the screening consistency of which is about 2 - 
4%. 

25 

3. A method according to claim 1, characterized in that the pulp thickened by 
the prethickener (10) is taken into a filter (4), the feeding consistency of which is 3 - 
6%. 
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4. A method according to claim 2 and 3, characterized in that between the 
screen (2) and the filter (4) the consistency of the pulp is raised by said pre-thickener 
(10) by 1 -4%. 

5 5. A method according to claim 1, characterized in that the rotational speed of 
said pre-thickener is such as to create for the thickened layer of pulp a speed less 
than 3 m/s towards the discharge end of the apparatus. 

6 - A method according to claim 5, characterized in that said speed is 

1 0 between 0.2 - 1 .0 m/s, preferably about 0.5 m/s. 

7. A method according to claim 1, characterized in that the feeding speed of the 
screw and the flow speed of the non-thickened pulp are essentially the same at the 
discharge end of the apparatus. 

15 

8. A method according to claim 1, characterized in that the feeding pressure of 
the apparatus is created by means of a pump. 

9. A method according to claim 1, characterized in that the thickening of the 
20 pulp is controlled with valves regulating the flow of incoming pulp, filtrate and/or 

thickened material. 

10. A method according to claim 1, characterized in that the flow speed of the 
pulp in the apparatus is regulated by means of valves for the filtrate and/or the 

25 thickened material. 

11. A method according to claim 9, characterized in that the consistency of the 
thickened pulp is regulated to the desired value by changing the flow amount ratio of 
the thickened pulp and the filtrate. 

30 
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12. A method according to claim 9, characterized in that the consistency of the 
thickened pulp is regulated to the desired value by changing the flow amount ratio of 
the pulp to be thickened and the filtrate. 

5 13. A method according to claim 9, characterized in that said regulation is 
controlled on the basis of the input power or input torque of said cleaning member. 

14. A method according to claim 9, 11, 12 or 13, characterized in that said 
regulation is controlled by maintaining a constant pressure difference over the filter 



15. A method according to claim 9, characterized in that said regulation is 
controlled on the basis of an impulse from a previous or later process stage. 

15 16. A method according to claim 9, characterized in that said regulation is 
controlled by changing the rotational speed of the cleaning member. 

17. A method according to claim 1, characterized in that said filtrate is used for 
dilution in a previous process stage. 

20 

18. A method according to claim 1, characterized in that said filtrate is used for 
dilution in the same process stage. 

1 9. A method according to claim 1 , characterized in that fibers are separated from 
25 said filtrate by a fiber separating means prior to reusing the filtrate. 

20. An apparatus for treating pulp, which apparatus (10) comprises an essentially 
elongated outer casing (12), the first end of which is closed with an end plate (14); at 
the first end of which casing there is arranged an inlet conduit (18) for the fiber 

30 suspension to be treated P in ; the other end of which casing is closed with an end plate 
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(16); at said other end of which casing there is arranged a discharge conduit (20) for 
the thickened fiber suspension P out being discharged from the apparatus; which 
casing (12) is provided with a discharge conduit (26) for the filtrate F om ; inside which 
casing (12) essentially at least between the inlet conduit (18) and the discharge 
5 conduit (20) there is arranged a filter surface (22) having a preferably round cross 
section and arranged inside it a cleaning member comprising a rotating shaft (30), on 
which shaft at least one screw thread (32) is fixed for keeping the filter surface (22) 
clean, characterized in that the discharge conduits (20; 26) for the thickened pulp and 
the filtrate are provided with valves (40; 46) for controlling the operation of the pre- 
1 0 thickener. 

21. An apparatus according to claim 20, characterized in that said valves are 
controlled according to the input power of the shaft (30), on the basis of an impulse 
from a previous process stage or pressure difference prevailing over the filter surface. 

15 

22. An apparatus according to claim 20, characterized in that the screw thread 
(32) is fixed on the shaft (30) by means of tie rods which leave a free space between 
the shaft and the screw thread. 

20 23. An apparatus according to claim 22, characterized in that the clearance of the 
screw thread (32) from the filter surface (22) is less than 5 mm. 

24. An apparatus according to claim 22, characterized in that the clearance of the 
screw thread (32) from the filter surface (22) is less than 3 mm and suitably 0.2 - 2 

25 mm. 

25. An apparatus according to claim 22, characterized in that the screening 
surface (22) is provided with essentially axial grooves or corresponding guides which 
prevent the fiber mat from rotating inside the filter surface (22). 

30 
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am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled: 

METHOD AND APPARATUS FOR THE THICKENING OF FIBER SUSPENSIONS 

the specification of which (check applicable box(s)): 

□ is attached hereto 

□ was filed on ^ as U.S. Application Serial No. (Atty DM. No. 30-543) 

H was filed as PCT International application No. PCT/F 199/00778 on 22 September 1999 

and (if applicable to U.S. or PCT application) was amended on 

1 hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose information which is material to the patentability of this application in accordance with 
37 C.F.R. 1 .56. i hereby claim foreign priority benefits under 35 U.S.C. i 19/365 of any foreign application(s) for patent or inventor's certificate listed 
below and have also identified below any foreign application for patent or inventor's certificate having a filing date before that of the application oh which 
priority is claimed or, if no priority is claimed, before the filing date of this application: 
Priority Foreign Applicalion(s): 

Application Number Country Day/Month/Year Filed 
982043 Finland 23 September 1998 
982565 Finland 26 November 1998 

I hefiSy claim the benefit under 35 U.S.C. §1 19(e) of any United States provisional application(s) listed below. 
Application Number Date/Month/Year Filed 



I hereby claim the benefit under 35 U.S.C. 120/365 of al! prior United States and PCT international applications listed above or below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in such prior applications in the manner provided by the first paragraph of 35 
U.S.SJ112, 1 acknowledge the duty to disclose material information as defined in 37 C.F.R. 1.56 which occurred between the filing date of the prior 
appfeations and the national or PCT international filing date of this application: 

PriciJJ.S./PCT Application(s): 
Application Serial No. 

PCT«99/00778 

I heeaby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to 
be tfwj; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
'mp'sppnment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereort. And on behalf of the owner(s) hereof, ) hereby appoint NIXON & VANDERHYE P.C, 1100 North Glebe Rd., 
B |!f or, Arlington, VA 22201-4714, telephone number (703) 816-4000 (to whom all communications are to be directed), and the following 
attorneys thereof (of the same address) individually and collectively owner's/owners' attorneys to prosecute this application and to transact all business 
in the.;Patent and Trademark Office connected therewith and with the resulting patent: Larry S. Nixon, 25640; Arthur R. Crawford, 25327; James T. 
Hosnjer. 30184; Robert W. Fan's, 31352; Richard G. Besha, 22770, Mark E. Nusbaum, 32348; Michael J. Keenan, 32106; Bryan H. Davidson, 30251; 
Stanley C. Spooner, 27393; Leonard C. Mitchard, 29009; Duane M. Byers. 33363; Jeffry H. Nelson. 30481; John R. Lastova, 33149; H. Warren Burnam, 
Jr. 29366; Mary J. Wilson, 32955; J. Scott Davidson, 33489; Alan M. Kagen, 36178; Robert A. Molan, 29834; B. J. Sadoff, 36663; James D. Berquist. 
34776; Updeep S. Gill, 37334; Michael J. Shea, 34725; Donald L. Jackson, 41090; Michelle N. Lester, 32331; Frank P Presla, 19828; Joseph S. Presta, 
35329; Joseph A. Rhoa, 37515; Raymond Y. Mah, 41426; Chris Comuntzis, 31097. I also authorize Nixon & Vanderhye to delete any attorney 
names/numbers no longer with the firm and to act and rely solely on instructions directly communicated from the person, assignee, attorney, firm, or 
other organization sending instructions to Nixon & Vanderhye on behalf of the owner(s). 

Date: 

Antero LAINE Finland 

„ ._, (firs*) Ml (last) (citizenship) 

Residence: (city) Kotka (state/country) Finland 

Post Office Address: Siltatie 1 D 33, Kotka, Finland 

(Zip Code) FIN-48100 

Date: 

Risto LJOKKOI Finland 

„ (frst) Ml (last) (citizenship) 

Residencs: (city) Karhula (state/country) Finland 

Post Office Address: Alhonkatu 17, Karhula. Finland ~ 

(Zip Code) FlN-48600 



FOR ADDITIONAL INVENTORS, check box gl and attach sheet with same information and signature and date for each. 
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Residence: (city) 
Post Office Address: 
(Zip Code) 



Olavi 
(first) 

Karhula 

Alhonkatu 15, Karhula, Finland 



(state/country) Finland 



Finland 
(citizenship) 



(Zip Code) RN-487ZD> 



Post Office Address: 
(Zip Code) 



Sami 
(first) 

Kankaantie 117, Kymi, Finland - 



SI IK 
(last) 

(state/country) Finland 



(lastl_ 



(state/country) New York, USA 



. Date: ZC&t 
Finland 
(citizenship) 
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